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As a part of a study of the physical properties of building stone, thermal expansion 
determinations were made on 48 samples of domestic granites by the differential inter- 
ferometer method (with an interferograph recording attachment) over the temperature 
range —20° to +60° C. Thermal coefficients computed between —20° and -+- 00° C ranged 
from 4.8 to 8.3X10 -6 per deg C with an average of 6.2X10 -6 per deg C. Coefficients ob- 
tained on cooling (60° to 0° C) averaged 6.7X10 -6 per deg C. Expansion curves drawn 
for all samples indicate slight irregularities in the 0- to 20-deg range in the heating curves 
of at least 65 percent of the samples. These irregularities are probably caused by moisture 
changes in the sample during the test. 

Moisture expansion determinations were made on the 48 samples by means of the 
Tuckerman optical strain gage over a 24-hour period at constant temperature. The expan- 
sions obtained ranged from 0.0004 to 0.001) percent and averaged 0.0031) percent. 

Adverse effects resulting from continued thermal and moisture expansion and contrac- 
tion of granite are believed to be of some significance in monumental structures that arc 
expected to last for long periods of time. 



I. Introduction 

Granite is known to ho one of the most durable 
of structural materials. For this reason it has 
been an ideal choice for monuments, public build- 
ings, shrines, and structures that are expected to 
last for centuries. There are granite structures 
in this country that have existed for periods up 
to 200 yr without showing serious signs of dis- 
integration, yet there is evidence to show that 
some granite structures have begun to deteriorate 
in less than 50 yr. 

The durability of granite may be adversely 
affected by one or more of many physical and 
chemical agencies. The effect of natural temper- 
ature changes in contributing to the deterioration 
of the stone has been recognized by geologists 
and engineers. 1 It is well known that the rapid 
heating of granite, as in the case of a fire, will 
usually cause serious spalling. Not so apparent 
is the fact that gradients in a granite structure 

1 The supposition that rocks in general are seriously affected by natural 
changes in temperature is strongly challenged by some geologists. For 
example see E. Blackwelder, The insolation hypothesis of rock weathering 
Am. J. Sci. 26, 970 (1933). 



resulting from (lie usual diurnal temperature 
changes cause internal stresses which, after 
numerous repetitions, may have a weakening effect 
on the stone. It also seems likely thai the granite 
may be affected by the unequal expansion of the 
different mineral constituents, and the fact that 
the principal constituents, namely feldspar and 
quartz, expand unequally along different crystal- 
lographic axes. 

Expansion effects due to absorption of water by 
granite have not been generally understood or 
appreciated. The experimental data acquired 
in this study definitely prove that granite under- 
goes a change in length on becoming wet. As in 
the case of thermal expansion, the repeated ex- 
pansion and contraction resulting from wetting 
and drying may have a weakening effect on the 
stone. Moisture gradients resulting from partial 
wetting of the stone cause internal stresses, which 
in the course of time may adversely affect its 
durability. 

The purpose of this study was to accumulate 
data on the thermal expansion characteristics of 
granite over the temperature range produced by 



Expansion of Domestic Granites 



395 



the usual weather exposures and also on the 
expansion due to the absorption of water. Most 
of the published data on thermal expansion of 
granite were computed from measurements taken 
at larger temperature intervals than those to 
which masonry is normally subjected, and these 
values can be misleading when applied to the 
seasonal range. In this study coefficients of 
linear thermal expansion were determined over 
the range of -20° to +60° C (-4° to 140° F). 
Since there are very few data published on the 
moisture expansion of granite, this property was 
determined on the entire series of samples tested 
for thermal expansion. This report cites a few 
examples of granite structures that show some 
deterioration resulting from temperature and 
moisture effects. 

II. Previous Investigations 

A review of the literature on thermal expansion 
measurements of granite reveals that in 1832, 
Bartlett [l] 2 seeking the cause of fissures in coping 
joints in a granite structure, measured the ther- 
mal expansion of a sample of Massachusetts 
granite, and samples of marble and limestone. 
His specimens were 94 in. long, and the tempera- 
ture range was —14° to +39° C. (See table 1 
for results of previous investigations). Also 
about this time, Adie [2] measured the expansion 
of two granites (Aberdeen gray and Peterhead 
red from Scotland), also samples of marble, sand- 
stone, and greenstone. His temperature range 
was +10° to 98° C. Adie recognized that a 
sample of greenstone expanded permanently 
after several successive heatings. Reacle [3] in 
1886, included four samples of granite in his ther- 
mal expansion studies of several types of rocks 
but did not state the temperature range. In 
1895 at the Watertown Arsenal [4] thermal ex- 
pansion tests were made on eleven samples of 
granite acquired from eight states. Measured 
bars, 24 in. by 6 in. by 4 in. were placed in cold 
water (32° F), then in hot water (212° F), and 
back in the cold bath. These expansion results 
evidently represented the combined effects of 
temperature and moisture. 

In 1909 Baldwin- Wiseman and Griffith [5] 
determined permanent length changes, due to 
heating, for several samples of sandstones, lime- 

2 Figures in brackets indicate the literature references at the end of this 
paper. 



Table 1. Summary of thermal expansion data on granite 
obtained by previous investigators 



No. of 

specimens 
tested 


Temperature 
range a 


Mean co- 
efficient of 
linear ther- 
mal expan- 
sion per 
degree 
CX10 6 


Investigator 


Date of 
public- 
ation 


1 

2 

4 


C 
-14 to 4-39 
+ 10 to 98 


8.25 
8.22 
8.85 
b7.0 
10.2 

8.6 
8.1 
6.7 
6.0 


Bartlett 

Adie 

Reade 


1832 
1836 
1886 


11 


to 100 
to 100 

+19 to 172 
to 100 
3 to 60 

-20 to 60 


Watertown Arsenal 

Baldwin-Wiseman & 

Griffith. 
Wheeler 


1895 


1 


1909 


1 


1910 


20 


Griffith 


1936 


5 


Willis & DeReus _. 


1939 


4 


Johnson & Parsons 


1944 







« The range for which the coefficients were calculated. 
b Specimens tested in wet condition. 

stones, marbles, and one sample of granite (Peter- 
head, Scotland). The temperature range was 
+20° to 300° C. In 1910, Wheeler [6] studied 
the effects of six repeated heatings from +19° to 
1,000° C of samples of Rhode Island granite, 
Canadian diabase, and of Italian marble from 
+ 19° to 500° C. 

The more recent investigations of thermal 
expansion include those made in 1936 by Griffith 
[7]. Among the 106 samples of American rocks 
tested by him, about 20 represent granites gen- 
erally used for building and monumental purposes. 
His range was room temperature to 260° C. 

In 1939, Willis and DeReus [8] included the 
measurements of five samples of granite in their 
study of concrete aggregate. The temperature 
range was +3° to 60° C. In 1944, Johnson and 
Parsons [9], applying a test procedure similar to 
that used in the present investigation, included 
the measurements of four granite samples in their 
study of thermal expansion of concrete aggregates. 

Comparatively few investigators have studied 
the moisture expansion of building stone. It 
seems that in 1886 Schumann [10] (original refer- 
ence unobtainable) was the first to make a syste- 
matic study of moisture expansion of natural 
stone. Hirschwald [11] repeated these experi- 
ments. Using a micrometer microscope, the latter 
determined length changes of several stone speci- 
mens after 2 weeks immersion in water. The 
average expansion obtained for one sample of 
granite and four samples of basalt was 0.029 
percent. 
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More recent studies of moisture expansion of 
building stone include those made by Matsumoto 
[12], Stradling [13], Royan [14], and Kessler [15]. 
However, the reports of these investigators did 
not include any data on granite. 

An examination of all the published data on 
thermal and moisture expansion of granites de- 
scribed in the preceding paragraphs reveals; (1) 
there is a scarcity of data on the thermal expansion 
characteristics of domestic granites over the sea- 
sonal range of temperature; (2) investigators took 
readings at wide temperature intervals and few 
made observations on cooling; (3) there are prac- 
tically no data available on dimensional changes 
in domestic granites due to absorption of moisture. 

III. Description of Samples 

The 48 samples used in this study were collected 
for a previous investigation at this Bureau of other 
physical properties of the domestic granites [16]. 
The samples represent the deposits of the principal 
producing districts of 17 states. Most of these 
granites have been used for architectural, monu- 
mental, or structural purposes. 

Geologically, granite is designated as a crystal- 
line rock of igneous origin, and is composed of 
feldspar, quartz, and one or more accessory min- 
erals such as mica, hornblende, pyroxene, etc. 
Generally, there are two kinds of feldspar present 



in the rock, the more abundant usually being a 
potash feldspar (orthoclase or microcline or both). 
The other is soda-lime feldspar (plagioclase), and 
may include one or more of the following species: 
albite, oligoclase, and andesine. In most granites, 
quartz ranks second in abundance to the feldspars, 
a ferro-magnesian mineral (biotite, hornblende, or 
pyroxene) ranking third. The term "commercial 
granite" may include such closely related rocks 
as gneiss, syenite, monzonite, etc. "Black gran- 
ites", also a commercial designation, include rock 
species such as diabase, norite, and gabbro, which 
are somewhat distantly related to the true gran- 
ites. This study includes several of these "re- 
lated" granites. Of the 48 granites tested, potash 
feldspar was the most abundant mineral in 35 
samples, soda-lime feldspar in 10, and quartz in 3. 
Mica was the most abundant of the accessory 
minerals in 39 samples, hornblende in 4, and pyrox- 
ene in 2. 

The descriptive portion of table 2 gives the 
sample numbers, source, classification, texture, 
and major mineral constituents of all samples 
tested. The "classification" of a granite is derived 
from the most abundant accessory mineral, such 
as "biotite granite," or "hornblende granite", 
etc. Textures refers to the average size of the 
feldspar grains and follows the scale given at the 
end of the table. 



Table 2. Description, source, classification, texture, composition, thermal expansion coefficients, and moisture expansion 

percentages of all samples tested 



(1) 


(2) 
Source 


(3) 
Classification 


(4) 
Texture b 


(5) 

Major Mineral Constituents 
(in descending order of 
abundance) 


(6) 

Thermal expansion— average 
coefficient of linear thermal 
expansion per degree CX10 6 


(7) 

Moisture 
expansion — 

length 
change due 


Sam- 
ple 


Heating 


Cooling 


to immer- 
sion in 
water for 


No.» 


-20° to 60° 


0° to 60° 


60° to 0° 


24 hr at 
constant 
tempera- 
ture (21.5° 
±.5° C) 


1 


Vinalhaven, Me 

do.. 

do 


Biotite granite . . 


Fine to medium.. _ 
Fine 


Orthoclase, quartz, oligoclase 

and biotite. 
Soda-lime feldspars (labrador- 

ite to bytownite), hypers- 

thene, olivine and magnetite. 
Orthoclase and microcline, 

smoky quartz, oligoclase, 

biotite, hornblende. 
Orthoclase, smoky quartz, 

oligoclase and biotite. 
do 


5.8 
5.9 

6.5 

4.8 
6.8 


6.1 
6.1 

6.7 

4.9 

7,2 


6.4 
6.1 

7.0 

5.2 
7.4 


Percent 
0.0018 


2 


Olivine norite 


.0008 


5 


Biotite hornblende 
granite. 

Biotite granite 


...do 


.0036 


8 


Mt. Desert, Me 

Jonesboro, Me 


do 


.0028 


9 


do 


Medium to coarse . 


.0020 



See footnotes at end of table. 



Expansion of Domestic Granites 



397 



Table 2. Description, source, classification, texture, composition, thermal expansion coefficients, and moisture expansion 

percentages of all samples tested — Continued 



(l) 



Sam- 
ple 
No.* 



13 



(2) 



Source 



Long Cove, Me.. 



North Jay, Me.. 
Stonington, Me. 



Frankfort, Me. 
Highpine, Me. . 



Concord, N. H. 



Redstone, N. H 

Milford, N. H 

Fitzwilliams, N. H_ 

Barre, Vt 

Derby, Vt 

Woodbury, Vt 



Windsor, Vt. 



Quincy, Mass 

W. Chelmsford, Mass. 

Chester, Mass 

Milford, Mass 



Rockport, Mass. 



Ansonia, Conn. 



East Lyme, Conn. 



(3) 



Classification 



Biotite-muscovite granite . 



Biotitomuscovite granite . 
Biotite granite 



.do. 
.do.. 



Muscovite-biotite granite. 

Biotite-granite 

Quartz monzonite 



Biotite-muscovite 
granite. 



Biotite granite 

Quartz monzonite.. 
Biotite granite 



(4) 



Texture b 



Fine to medium.. 



Fine . . . 
Coarse . 



Medium _ 
Coarse. __ 



Hornblende biotite 
granite. 

Riebeckite-aegirite granite. 

Muscovite-biotite 
granite-gneiss. 

Biotite-muscovite 

granite-gneiss. 
Biotite granite 



Hornblende granite . 



Muscovite-biotite 
granite-gneiss. 

Quartz monzonite 



Fine to medium 

Coarse 

Fine 



(5) 



Major Mineral Constituents 
(in descending order of 
abundance) 



.do.. 



.do.. 



Fine to medium 



Coarse. 



Fine to medium.. _ 

Coarse 

Medium 



Medium to fine . 
Coarse 



.do.. 



Fine. 



.do. 



Microcline and orthoclase, 
quartz, oligoclase, biotite 
and muscovite. 

....do 

Orthoclase and microcline, 
smoky quartz, oligoclase, 
and biotite. 

....do 

Microcline and orthoclase, 
smoky quartz, oligoclase, 
and biotite. 

Microcline and orthoclase, 
quartz, oligoclase-albite, 
muscovite, and biotite. 

Orthoclase, smoky quartz (oli- 
goclase-albite) , and biotite. 

Microcline and orthoclase, oli- 
goclase, smoky quartz and 
biotite. 

Orthoclase and microcline, 
quartz, oligoclase, biotite 
and muscovite. 

Orthoclase, smoky quartz, 
oligcclase-albite, biotite and 
muscovite. 

Smoky quartz, oligoclase, mi- 
crocline and orthoclase, bio- 
tite and muscovite. 

Microcline and orthoclase, 
quartz, oligoclase, biotite 
and muscovite. 

Orthoclase, smoky quartz, 
plagioclase (oligoclase-albite) 
hornblende and biotite. 

Orthoclase, smoky quartz, 
riebeckite, aegirite and albite 

Microcline and orthoclase, 
oligoclase, quartz, rutile, 
muscovite and biotite. 

Microcline, quartz, plagioclase, 
biotite and muscovite. 

Microcline and orthoclase, 
quartz, plagioclase (albite- 
oligoclase), and biotite. 

Orthoclase and microcline, 
smoky quartz, hornblende, 
and plagioclase (albite- 
oligoclase) . 

Microcline and orthoclase, 
quartz oligoclase, muscovite 
and biotite. 

Quartz, oligoclase, microcline 
and orthoclase, biotite and 
muscovite. 



(6) 

Thermal expansion— average 
coefficient of linear thermal 
expansion per degree CX10° 



Heating 



-20° to 60° 



6.2 



6.6 

5.8 



5.4 
5.7 



6.3 



5.3 

5.5 

6.5 
5.9 



0° to 60° 



6.3 
6.0 



7. 1 
5.9 



5.6 
6.0 



6.1 



Cooling 



60° to 0° 



5.3 
5.6 

6.6 
6.4 

5.7 



Moisture 
expansion — 

length 
change due 
to immer- 
sion in 
water ior 
24 hr at 
constant 
tempera- 
ture (21.5° 
± .5° C) 



6.5 
6.4 



7.2 
6.3 



6.1 
6.3 



6.8 



7.7 



5.6 

5.9 
6.2 

7.2 
6.6 



8.0 



Percent 
0.0068 



See footnotes at end of table. 
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Table 2. Description, source, classification, texture, composition, thermal expansion coefficients, and moisture expansion 

percentages of all samples tested — Continued 



(1) 


(2) 


(3) 


(4) 


(5) 


Thermal 


(0) 
expansion 


—average 


(7) 
Moisture 












coefficient of linear 


thermal 


expansion — 












expansion per degree CX10° 


length 




Source 


Classification 


Texture b 


Major Mineral Constituents 
(in descending order of 








change due 


Sam- 
Die 


Heat 


ing 


Cooling 


to immer- 
sion in 
water for 


\ T o. a 








abundance) 


-20° to 60° 


0° to 60° 


60° to 0° 


24 hr at 
constant 
tempera- 
ture (21.5° 
±.5°C) 


















Percent 


46 


Waterford, Conn 


Quartz monzonite 


Fine 


Oligoclase, microcline and or- 
thoclase, quartz, biotite and 
muscovite. 


5.3 


5.4 


6.0 


0.0068 


47 


Branford, Conn 


Biotite granite gneiss___ 


Medium to coarse . 


Microcline and orthoclase, 
quartz oligoclase, biotite 
and muscovite. 


5.3 


5.3 


6.2 


.0080 


53 


Mt. Airy, N. C 


Biotite granite 


Medium 


Oligoclase, orthoclase and 
microcline, quartz and bio- 
tite. 


0.0 


6.2 


6.4 


.0020 


56 


Salisbury, X. C 


do.... 


do 


Orthoclase with a small 
amount of microcline, pla- 
gioclase, quartz and biotite. 


7.1 


7.3 


7. 7 


.0020 


59 


Rion, S. C — 


do 


. do. 


Orthoclase and microcline, 
l> la giocla se (oligoclase), 


6. 5 


6. 6 


ti. «.) 


.0066 


















quartz and biotite. 










62 


Newberry, S. C. .. ... 


.. do 


Fine 


Orthoclase and microcline, 

oligoclase, and biotite. 


5.5 


ii. ii 


6. 3 


.0040 










65 


Elberton, Oa 


...do._. 


Medium to fine-.. 


Orthoclase and microcline, 
oligoclase, quart/, and bio- 
tite. 


6.0 


5.7 


6.4 


.0000 


66 


do 


do 


.. do... 


do 


6. 2 


6. 7 
6. 6 


6.8 
6.7 


.0052 


67 


Stone Mt., Ga 


Muscovite granite 


Medium 


Orthoclase and microcline, 


.0034 










plagioclase, quartz, musco- 


















vite and biotite. 










73 




Biol Lte granite . . 


do 


Orthoclase and microcline. 


7.0 


8. 1 


8.3 


. 0032 










quartz and biotite. 










76 


Montello, Wis 


Hornblende granite 


Fine 


Orthoclase and microcline. 
quartz and hornblende. 


6.1 


6.2 


6. 


. 0024 








77 


Wausau, Wis 


Biotite hornblende 
granite. 


Medium 


Orthoclase and microcline, 
plagioclase, quartz, horn- 
blende and biotite. 


7.6 


7.9 


7.9 


. 0046 


79 


Isle, M in ii 


Biotite granite. .. 


Medium to coarse 


Orthoclase and microcline, 
quartz and biotite. 


8.3 


8.3 


8.6 


.0034 










80 


Rockville, Minn 


...do._. 


Coarse. .. .. ... . 


Orthoclase and microcline, 
quartz, plagioclase and bio- 


6.4 


6.4 


6.7 


.0022 
















tite. 










82 


Morton, Minn 


Biotite granite-gneiss 


Medium to coarse. 


Orthoclase, plagioclase, quartz, 
microcline and biotite. 


5.9 


ii. i) 


6.5 


. 0032 


90 


Hibbing, Minn 


Quart z monzonite 


Medium.. __.__.. 


Orthoclase, plagioclase, quartz, 


5.5 


5.5 


5.9 


. 0044 










biotite and hornblende. 










91 


Peekskill, N. Y 


Biotite-muscovite gran- 


Medium to fine. . 


Albite, oligoclase, quartz, or- 


5.8 


6.1 


6.5 


. 0052 






ite. 




thoclase, biotite and musco- 
vite. 
Plagioclase and pyroxene 










95 


St. Peters, Pa 


Gabbro... . .. .. 


Fine 


6.6 


6.6 


6.8 


. 0056 


97 


Port Deposit, Md 


Biotite granite-gneiss 


Medium 


Oligoclase, orthoclase, micro- 
cline, quartz and biotite. 


6.6 


6.4 


7.2 


.0062 


104 






do. . 


Plagioclase, microcline, or- 


6.4 


6.6 


6.6 


.0012 










thoclase, perthite, quartz 


















and biotite. 










106 


Marble Falls, Tex 


. do 


Coarse 


Quartz, microcline, plagio- 


7.0 


7.2 


7.4 


. 0038 










clase and biotite. 










111 




Basalt porphyry 


Fine .. 


Plagioclase and high iron glass. 


6.0 


6.2 


6.2 


.0018 




Forest, Wash. 














115 


Alhambra, Calif 


H y | lersthene gabbro. 


do 


Plagioclase, pyroxene and 
hornblende. 


5.6 


5.7 


5.8 


.0004 



» Sample numbers correspond to the serial numbers listed in table 1 of RP1320 Journal of Research NBS 25, 161 (1940) RP1320. 

b Texture refers to the average size of the feldspar grains, according to the following designation: fine, less than 0.5 cm; medium, 0.5 to 1 cm; coarse, slightly 
larger than 1 cm. 



Expansion of Domestic Granites 



399 



IV. Test Method for Thermal Expansion 
Measurements 

1. Apparatus 

(a) Differential Interferometer 

When the usual interferometer method is applied 
to measure the expansion of fine grained mate- 
rials, a relatively small specimen, 2 to 6 mm in 
height is generally used [17]. However, in order 
to make the interferometer applicable to the 
thermal expansion measurement of medium and 
coarse grained granites it was found necessary to 
use a test specimen considerably larger than the 
conventional small one. 

For this purpose, a differential interferometer, 
similar to that applied by Saunders [18], was 
used to make the expansion measurements. This 
method is a modification of Fizeau's differential 
interferometer [19] in which the three adjustable 
screws used by Fizeau to support the top plate 
were replaced by a perforated fused quartz tube 
of a specific height. 

In these tests the specimen is 38.42 mm high 
(avg. size), T-shaped in cross section, and with a 
maximum width and depth of 12.5 mm. The 
sides are perforated to reduce its heat capacity 
to a minimum. Figure 1 is a schematic diagram 
of the interferometer arrangement used in all 
tests. The specimen rests on a glass thermometer 
plate, 6, and supports an interferometer plate, b, 




321 



X 



~7* 



Figure 1. Diagram of differential interferometer. 

a, Top interferometer plate; b, lower inteferometer plate; c, fused quartz 
tube supporting top plate; d, test specimen; e, thermometer plate. 



on its upper surface. Another interferometer 
plate, a, is supported approximately 0.5 mm 
above plate b by a perforated fused quartz tube 
42.65 mm high, the latter also resting on plate e 
and surrounding the specimen, d. Plate a is 
polished on both faces. Plates b and e are polished 
on the upper faces and fine ground on the lower, 
with the exception of a small area on plate e, 
which is polished on both faces in order to produce 
the temperature fringes. The expansion of the 
specimen on heating causes plate b to move 
toward plate a. This results in a movement of 
the interference fringes in the field. (See section 
IV-6 for the details of calculations.) 

(b) Thermal Chamber 

The thermal chamber (fig. 2) was the same as 
that used by Johnson and Parsons [9]. A brass 
cylinder, 9 in. long and 3 in. in diameter was 
inserted through the top of an ordinary electric 
refrigerator into a tank of kerosine, which sur- 
rounded the freezing coils. The heating element 
consisted of a hard rubber tube wound with 30 
ft of No. 24 Nichrome wire. A removable copper 
cup, supported from the refrigerator top by steel 
rods, held all the components of the interferom- 
eter. Just beneath the bottom thermometer 
plate were inserted the three variable junctions 
of a copper-constantan thermocouple. Three 
slide wire resistors, an ammeter, and a toggle 
switch were placed in series with the heating 
element and the 110-v power source for control 
of the heating current. 

(c) Recording Mechanism 

A recording apparatus (fig. 2) previously 
constructed and used by Johnson and Parsons [9], 
was a simplified form of the one originally de- 
signed by Saunders [20]. This apparatus replaced 
the eyepiece of the ordinary Pulfrich type inter- 
ferometer viewing instrument and thus eliminated 
the tedious job of counting fringes visually. A 
strip of 35-mm high speed photographic film was 
drawn from an ordinary camera cartridge over 
rollers by a sprocket geared to a synchronous 
motor, at the rate of IK in. per hr. A lens focused 
the interference pattern through a yellow filter 
upon a screen with a slit }{ mm wide, which al- 
lowed only a very narrow portion of the image to 
reach the slowly moving film. A side tube with a 
slotted mirror placed at a 45° angle, permitted 
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4 

Section A- A 



Figure 2. Diagram of viewing instrument, recording camera, and thermal chamber. 

1, Magazine; 2, film cartridge; 3, film rollers; 4, feed sprocket; 5, take-up spool; 6, pulley to take-up spool; 7, drive shaft geared to synchronous motor; 
8, rewind knob; 9, slit (aperture); 10, light-tight cover; 11, camera eyepiece and lenses; 12, side-tube eyepiece; 13, yellow filter; 14, objective lens; 15, focus 
adjustment; 16, mirror support; 17, mirror; 18, side-tube eyepiece lenses; 19, spectrum tube; 20, 90° prism; 21, objective; 22, heating coil terminals; 23, 
double glass; 24, thermocouple leads; 25, dessicant tubes; 28, steel supports; 27, kerosine; 28, brass cylinder; 29, copper cup; 30, specimen; 31, refrigerator 
cooling coil; 32, glass ring; 33, hard rubber tube; 34, nichrome wire; 35, interferometer plates. 



visual observations for checking purposes during 
the operation of the recorder (see reference [20] 
for details of the recording instrument) . 

2. Temperature Determinations 

Temperatures were measured with an optically 
ground thermometer plate (fig. 1 , e) often referred 
to as an interference or refraction thermometer 
[21]. This plate gave a satisfactory set of straight 
interference bands that shifted at a definite rate 
whenever it was heated or cooled. In order to 
calibrate this thermometer plate it was placed, 
together with the other components of the inter- 
ferometer, into the thermal chamber, and a ther- 
mometer fringe count determined for a number of 



equilibrium temperatures, the latter being meas- 
ured by a three-junction thermocouple located 
just beneath the plate. The fringe numbers 
obtained in this manner were plotted against the 
temperatures, and a fringe-temperature curve 
drawn. From this curve it was possible to 
determine the temperature corresponding to any 
specifically numbered fringe. During each test 
the temperature fringes were recorded simul- 
taneously with the expansion fringes. 

3. Preparation of the Specimens 

Figure 3, a, b, c and d illustrates the stages in 
the fabrication of a typical test specimen. A 
rectangular prism, approximately 12.5 mm by 
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12.5 mm in cross section and approximately 38.5 
mm in length was first cut from the granite sample 
by means of a 6-in. circular diamond saw. Sec- 
tions were then cut away with the same saw leav- 
ing a T-shaped piece having sides approximately 
2.5 mm thick (fig. 3, b and c). Next, with the aid 
of small fine silicon carbide grinding wheels, the 
specimen illustrated in figure 3, d was completed. 
The ends of the finished specimen were ground so 
that there were three polished points at the 
bottom to contact the glass thermometer plate, 
and three points at the top to support the lower 
interferometer plate. Similarly, the quartz tube 
used to support the upper interferometer plate 
(fig. 1) had three polished points on its top and 
bottom surface. 

With a fine emery stone and a micrometer gage 
the heights of the "legs" of the specimen were 
equalized to within 0.005 mm. The legs of the 
quartz supporting tube were adjusted to a height 
of 42.65 mm. By setting up all the various parts 
of the interferometer and examining through a 
viewing instrument, the heights of the legs of the 
specimens were adjusted further to give the 
desired interference pattern. The finished speci- 
mens, which averaged 3.2 g in weight, were dried 
at 80° C for 4 days and placed in a desiccator 
until ready for test. 

4. Test Procedure 

After the desired fringe pattern was obtained, 
the copper cup containing all the components of 



Figure 3. Diagrams showing successive steps in the prepa- 
ration of a test specimen. 

a, Rectangular prism cut from larger sample; b, sections cut away to form a 
T-shaped specimen; c, view of b after grinding it to form "legs"; d, views of 
finished specimen showing points on legs and sections ground away to reduce 
its mass. 



the interferometer was placed, very carefully, into 
the thermal chamber. The chamber was closed, 
and after a preliminary fast heating to 68° C to 
stabilize the air films between the points of contact 
of the specimen and of the quartz tube with the 
interferometer plates [22], the cooling system was 
started and allowed to operate overnight. Next 
morning after the final adjustments were made on 
the viewing instrument and recording apparatus, 
the film was inserted, and the initial temperature 
determined by the thermocouple. The recorder 
was then started, cooling system turned off, the 
heating current turned on and increased at 15- 
min intervals to produce a uniform rise in temper- 
ature of approximately 0.4° C per minute. When 
the final temperature was reached (approximately 
65° C), the cooling system was again turned on, 
and the heating current reduced at regular inter- 
vals until the temperature fell just below 0° G. 
The recorder was then stopped, the chamber re- 
heated to room temperature to prevent condensa- 
tion inside, and the specimen removed. Finally 
the film was rewound into the cartridge and 
removed for development. 

5. Description of the Interferogram 

The interference pattern when seen through the 
viewing instrument appears as shown in figure 
4, A. When the eyepiece of the instrument is 
replaced with the recording apparatus, only a 
narrow portion of the pattern is focused on the 
moving film (fig. 4, B). Figure 4, C and D are 
schematic drawings of portions of a typical inter- 
ferogram resulting from the fringe pattern shown 
in figure 4, A and B. 3 The fringes become a 
series of bands that are parallel to the direction of 
the movement of the film only so long as thermal 
equilibrium is maintained, such as during the first 
few minutes of a test. The upper portion of 
figure 4, C illustrates this condition. When the 
temperature begins to rise and the specimen ex- 
pands, there is a corresponding movement of 
temperature and expansion fringes. To prepare 
the interferogram for the counting of fringes, 
penciled lines are drawn parallel to a slit line, 4 
through each intersection of an even numbered 
thermometer fringe with the thermometer reference 
line. Where each of these penciled lines crosses 

3 Expansion data were read from a 3X enlargement of the interferogram. 

4 A slit line is produced on a film by turning off the source of monochromatic 
light for about 30 sec during a test, resulting in a narrow underexposed strip. 
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When the maximum temperature was reached 
and cooling began, the direction of the fringe 
movement for both expansion and temperature 
was reversed (figure 4, I), n). As the fringes re- 
crossed their respective reference marks they were 
assigned their previous numbers. 



6. Calculation of Results 





C D 

Figure 4. Interferometer and interferogram. 

A, Interferometer as seen through the viewing instrument; B, exposure slit 
magnified to show fringes; C, section of interferogram at start of test; 1), 
middle section of interferogram: a, top interferometer plate; b, lower inter- 
ferometer plate; e, fused quartz tube; d, test specimen; e, thermometer plate; 
f, temperature fringe; g, position of exposing slil in camera; b, thermomet< r 
reference mark; j, expansion fringe; k, point where fringes begin to move; 1, 
line (parallel to slit line) drawn through intersection of thermometer fringe 
No. 4 and expansion fringe No. 6.5; n, maximum temperature and reversal of 
fringes. 

the middle of the specimen t race, the simultaneous 
expansion fringe number is noted. For example, 
line k passes through temperature fringe No. 
and expansion fringe No. 0, line 4 / passes through 
temperature fringe No. 2 and expansion fringe 
No. 6.5. 

Fringe data for a typical test were as follows: 



Temperature 
fringe No. 


Temperature 


Expansion 
fringe No. 




° C 







-22. 2 





2 


-10. 6 


6. 9 


4 


+ 0. 6 


11. 5 


6 


11. 6 


1 5. 5 


8 


22. 1 


21.0 


10 


32. 4 


27.0 


12 


42. 2 


33.8 


14 


5 1 . 8 


41.0 


16 


61. 


49.3 



Sinee the total number of expansion fringes 
passing during a test was affected by the expansion 
of the quartz tube and the interferometer plate, 6, 
as well as that of the granite specimen (fig. 1), it 
was necessary to develop a formula that would 
include all these factors. The following formula 
was used for this purpose: 



M- 



N~-asxur*+[(A (/ .L«) 



A^L V )]{T 2 -T X ) 



where L=length of specimen at initial temperature 
J\ in millimeters; 
AL=linear expansion of specimen in mm/mm 
from Ti to any higher temperature, 
T,; 
N= number of observed fringes; 
X=wavelength of monochromatic light in 

millimeters; 
(7=air correction in microns per centimeter. 5 
S= air space between interferometer plates 
a and b in millimeters; 
A q = expansion coefficient of fused quartz 

tube per deg C from T x to T 2 ; 6 
i c =length of fused quartz tube at T Y in 

millimeters; 
-A p =expansion coefficient of interferometer 

plate I) per deg C from r l\ to T 2 ; G 
Ztf = height of interferometer plate I) at 1\ in 
millimeters. 

7. Reliability of Results 

In order to check tbe performance of the 
apparatus, samples of three different materials, 
uamely, porcelain, glass, and a metal alloy were 
tested for thermal expansion. These values were 
compared with those obtained on identical ma- 



Data taken from the table of air corrections listed in reference [17]. 
6 Expansion coefficient of the fused quartz was determined by the usual 
interferometer method on a small sample cut from the original piece of quartz 
tubing. The expansion coefficient of the interferometer plate b (Vycor 
brand glass) was taken from reference [18]. 
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TEMPERATURE °C 



40 



60 



Figure 5. Thermal expansion curves of 1+8 samples of granite. 
O, Heating points; • cooling points; figures refer to sample numbers in table 2. 



terials by the Thermal Expansion Section of this 
Bureau. The results were as follows: 



Sample 


Coefficient of linear thermal expan- 
sion per deg C from -20° to +60° 
C 




Hidnert * 


Authors 


BC (Porcelain) 


4.5X10- 6 

8.7X10-6 
2.5X10-6 


4.4X10-6 


BG (Glass) 


8.6X10- 6 


BF (Alloy) 


2.5X10-6 







? Chief, Thermal Expansion Section, National Bureau of Standards. 

The results agree within the limits of experi- 
mental error. 



V. Thermal Expansion Results and 
Discussion 

1. General 

Table 2, column 6 gives the mean coefficients of 
linear thermal expansion for three different 
temperature ranges of all samples tested, and 
figure 5 shows their characteristic heating and 
cooling curves. The coefficients obtained for the 
48 samples ranged from 4.8 to 8.3 X 10 -6 per deg C 
between —20° and +60° C with an average of 
6.2X1CT 6 . The coefficients of 84 percent of the 
samples in this same temperature range were 
between 5 and 7X10 -6 per deg C. For the 
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temperature range 0° to 60° C, the average of the 
coefficients was 6.3 X10 -6 and on cooling (60° to 
0° C), it was 6.7 X10" 6 per deg C. 

2. Irregularity of Expansion 

A general view of all the expansion curves as 
illustrated in figure 5 reveals more or less smooth 
regular curves on both heating and cooling. How- 
ever, on closer scrutiny it can be readily seen that 
at least 65 percent of the samples expand at a 
certain rate until the region of to 10 deg is 
reached, then change to a slower rate for about 10 
deg and finally resume a new rate of expansion 
that continues regularly until the maximum 
temperature is reached. On the other hand, the 
cooling curves of all the samples show little 
evidence of irregularities. Samples 17, 24, 46, 47, 
65, and 97 show some of the more pronounced 
instances of irregular heating curves. These 
irregularities were reproducible on retesting of 
the samples. 

The irregular expansion appears to be due to 
moisture changes in the sample during the test. 
If water is prevented from entering the sample 
during a test the irregularities disappear. Three 
samples showing irregular expansions were re- 
tested after having been dried at 80° C for 4 days 
and coated with a synthetic resin water-proofing. 
The resulting curves (fig. 6) showed virtually no 
irregularities after the treatment. It might also 
be noted here that the testing of nonabsorptive 
materials, such as glass and metal, produced 
smooth coinciding curves on both heating and 
cooling. 

Since the uncoated samples were dry at the start 
of each test, absorption of moisture by them is 
likely during the tests. As the temperature of the 
surrounding atmosphere is reduced, the relative 
humidity rises and although the outer wall of the 
chamber is colder than the sample during the 
initial cooling part of the cycle, the latter's very 
dry initial condition might make it receptive to 
atmospheric moisture. During the early heating 
part of the cycle the sample is colder than its 
surroundings, hence condensation of moisture 
on it might be expected. A portion of this mois- 
ture would most certainly be absorbed. Further 
heating would raise the vapor pressure of the water 
in the sample above that of the surrounding atmos- 
phere and produce a drying action. 

As shown in section VII, granites expand when 



moisture is absorbed. Absorption of water during 
the early heating part of the cycle might account 
for the increased slope of the expansion curve in 
that range, while loss of moisture at higher tem- 
peratures is consistent with the reduced rate of 
expansion occurring at about 10° C. 

The abrupt change in slope observed in some of 
the curves at 0° C or slightly above might indi- 
cate that some of the absorbed moisture was in a 
frozen state below that temperature. If the 
sample absorbs water while being cooled to —20° 
C, there is ample opportunity for the water to 
become frozen since the sample is maintained at 
this low temperature for at least 9 hrs. The 
relative high thermal coefficient of ice might con- 
tribute to the over-all expansion at the lower 
temperatures, while a gradual melting with 
attendant loss in volume would reduce the ob- 
served slope on further heating. 

Further evidence to show that irregularities are 




10 20 30 40 
TEMPERATURE ,°C 



Figure 6. Thermal expansion curves for three samples of 
granite showing the effect of waterproofing the test sped- 



O, Heating points; #. cooling points; figures refer to sample numbers in 
table 2. a, waterproofed; b, original test. 
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probably due to moisture in some form is indi- 
cated by the fact that six samples showing no 
irregularities had an average absorption value of 
0.08 percent 8 and a moisture expansion value of 
0.0026 percent. On the other hand, the six 
samples showing the most pronounced irregular- 
ities had an average absorption value of 0.25 per- 
cent and a moisture expansion value of 0.0072 
percent. The average absorption and moisture 
expansion values for all samples were 0.20 percent 
and 0.0039 percent, respectively. 

3. Effect of Mineral Composition 

The thermal expansivity of granite is a function 
of the expansivities of its mineral constituents. 
There are some data available on the thermal 
expansion coefficients of the chief minerals in 
granite. The values in table 3 indicate that the 
expansion coefficients of quartz differ from those 
of the feldspars, and that the coefficients of potash 
feldspar are different from those of the soda-lime 

Table 3. Mean coefficients of linear thermal expansion 
for some oriented minerals contained in granite 



Mineral 


Orientation 


Mean coefficient 
of linear ther- 
mal expansion 
per degree 
CX10 6 


Source 




-20° to 
+60° 


+60° to 
0° 




Quartz 

Do 

Microcline--- 

Do 

Do 

Oligoclase 


Perpendicular to c-axis_ . 

Parallel to c-axis 

Parallel to 6-axis 

Perpendicular to 6-axis.. 

Parallel to a-axis 

do 

do 


13.5 

7.4 
1.1 
3.5 
17.1 
3.1 


13.5 

7.7 
1.3 
3.2 
17.3 
3.7 


Johnson &l Par- 
sons [9]. 
Do. 
Do. 
Do. 
Do. 
Do. 




20° to 100° 






15.0 

0.0 
11.2 

3.8 
6.2 
7.5 
7.2 
5.0 

10.0 

8.8 


Kozu and Saiki 


Do 

Plagioclase... 

Do 

Hornblende ._ 
Do 


Parallel to 6-axis 

Parallel to a-axis 

Perpendicular to 010 

Perpendicular to 100 


[23]. 

Do. 
Kozu and TJeda 
[24]. 

Do. 

Do. 

Do. 


Do 


Parallel to c 

Parallel to a . . .__. 


Do. 
Kozu, Ueda & 


Do 


Parallel to b .. . 


Tsumori [25]. 
Do. 


Do 




Do. 













8 Absorption values were determined by measuring the percentage gain in 
weight of cylindrical specimens, 2 in. in diameter and 2H in. long, after 48- 
hr immersion in water at room temperature. Moisture expansion tests are 
described in section VII. 



feldspars. Furthermore, each mineral expands 
at different rates along different crystallographies 
axes. Since a typical granite of this investiga- 
tion contains four major mineral constituents 
plus several minor ones, all occurring in random 
orientation, it would seem impossible to form a 
precise correlation between mineral constituents 
and expansivity. Granites of similar mineral 
composition but from different quarries gave 
different results. 

Potash feldspar was the most abundant mineral 
constituent in 35 of the 48 samples tested. The 
average of the thermal coefficients obtained for 
these 35 samples was 6.2 X10~ 6 per deg C between 
-20° and +60° C. For the 10 samples contain- 
ing soda-lime feldspar as the most abundant 
mineral constituent, the average of the coefficients 
was 6.3 X 10 -6 per deg C in this same range. 

Quartz was the most abundant mineral constit- 
uent in 3 of the 48 samples tested. The average 
of the coefficients for these samples was 7.0 X10 -6 / 
deg C between —20° and +60° C. Since the 
average of the coefficients of quartz measured in 
all directions is higher than those of the feldspars, 
it seems logical that samples with an abundance 
of quartz would have higher than average coeffi- 
cients. 

4. Thermal Expansion Data for Other Building 
Stones 

Table 4 shows the range in linear thermal expan- 
sion coefficients determined for some other types 
of stone used for structural purposes. 

VI. Test Method for Moisture Expansion 

1. Specimens 

For convenience in preparation, cylindrical 
specimens, 2 in. in diameter and 2% in. long, were 
cored from the original granite samples. Two 
plane surfaces opposite each other were ground on 
each specimen, one to provide a base and the 
other for attachment of the gage. 

2. Apparatus 

A brass tank large enough to accommodate 
two specimens was enclosed within a well insu- 
lated box with a cover having three holes. Two 
of the holes were so spaced as to provide openings 
for reading the gages, and the other was fitted 
with a 2-hole rubber stopper for a thermometer 
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Table 4. — Mean coefficients of linear thermal expansion for 
some building stones other than granite 



Material 


Source 


Orientation 


Mean coefficient 

of linear 
thermal expan- 
sion per degree 
CX10 6 




-20° to 
-+60° 


+60° to 
0° 


Limestone.. 
Do 


Rock wood, Ala 

_ ..do 


Parallel to bedding 
plane. 

Perpendicular to bed- 
ding plane. 

Parallel to bedding 
plane. 

Perpendicular to bed- 
ding plane. 

"A." direction (ran- 
dom). 

Perpendicular to "A" 
direction. 

Parallel to bedding 
plane, 

Perpendicular to bed- 
ding plane. 


0.7 
1.7 

2.8 
4.2 
8.7 
5.2 
9.2 
9. 5 


-0.1 
2.9 


Do 

Do 


Bedford, Ind 

do 


3.4 
4.2 


Marble 

Do 


South Dover, N. Y. 
do 


9.2 
5.9 


Sandstone. . 
Do... 


McDermott, Ohio.. 
....do... 


10.2 
10.5 



and funnel. Two calibrated Tuckerman optical 
strain gages [26], of 2-in. gage length, reading to 
2X10 -6 in. were used for the expansion measure- 
ments (fig. 7). The knife edges of the gages were 
mounted on thin brass strips attached to the speci- 
men with water-proof cement. 

3. Procedure 

The specimens were dried at 105° C for 24 bl- 
and cooled in a desiccator. The brass strips 
were then attached to one plane face of each 
specimen and, when the cement had hardened 
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EDGE 



. PRISM ADJUSTER 
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GRANITE SPECIMEN 




LOZENGE 



X 



METAL SUPPORTS 
SIDE 



P" 




END 



Figure 7. Diagram of 'Pucker man optical strain gage 
mounted on granite specimen. 



sufficiently, the specimens were taken into a con- 
trolled temperature room. The gages were then 
mounted and the knife edges held in firm contact 
with the metal strips by small rubber bands placed 
around the specimens and gages. The specimens 
with the gages were then placed in the brass tank 
and left overnight to reach an equilibrium tem- 
perature (about 21° C). A flask of distilled water 
was also left standing near the specimens. About 
16 hrs later the gages were read and water poured 
into the tank until the level reached the tops of 
the specimens. Gage readings were taken at 
approximately 1-hr intervals for 8 hrs and a final 
reading after 24 hrs. 

During any test, the temperature of the water 
did not vary more than ±0.5 (\c^ C. The maxi- 
mum difference in temperature of the water be- 
tween the time of the first and last reading was 
0.2 deg C. Errors due to thermal expansion of 
the gage or specimen were thereby virtually 
eliminated. 

To verify the fact that the length changes 
observed in the stone specimens were caused only 
by the absorption of water, two metal cylindrical 
specimens were tested in the manner described. 
The greatest change observed in four tests was 
2X10~° in. Since the gages are sensitive only to 
this amount, it can he assumed thai no significant 
dimensional change took place during these tests. 

VII. Moisture Expansion Results 

Table 2, column 7, gives the linear moisture 
expansion results for the 48 samples of granite. 
The values range from a minimum of 0.0004 
percent to a maximum of 0.0090 percent, with an 
average of 0.0039 percent. Although the immer- 
sion period for each test was 24 hrs, five specimens 
exhibited maximum expansion in 1 hr, and 28 
specimens between 2 and 8 hrs. 

Figure 8 gives moisture 1 expansion curves for 
nine samples, together with the corresponding 
absorption curves. These show results typical for 
all samples tested. Both the expansion and ab- 
sorption curves tend to rise sharply during the 
first few hours and then quickly level off, but there 
seems to be little correlation between the amounts 
of expansion and absorption. The moisture ex- 
pansion values were also compared with density, 
porosity, and mineral composition but no correla- 
tion was found with these properties. 
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Table 5. Moisture expansion values of some building 
stones other than granite 



TIME, HOURS 

Figure 8. Moisture expansion and corresponding absorp- 
tion curves of nine granite samples. 

f Q» Moisture expansion points; #, absorption points; figures refer to sample 
numbers in table 2. 

Table 5 shows the moisture expansion values 
obtained for several samples of other types of 
building stone, tested in the manner described. 

VIII. Thermal and Moisture Expansion in 
Relation to Durability of Granite 

Merrill [27] cites several cases of rock weather- 
ing, including granite, which he attributed to 
heating and cooling effects. Temperature changes 
can produce internal stresses in two ways: (1) a 
thermal gradient due to heating or cooling of one 
surface causes unequal expansion of layers at 
different depths; (2) the various mineral con- 
stituents of granite have different expansion rates 
among themselves and also in different crystal- 
lographic directions. Stresses caused by both 
conditions come into action simultaneously and 
augment each other. Although such stresses are 



Type of stone 


Source 


Expan- 
sion 


Limestone 

Do 

Do 


Rockwood, Ala 

Bedford, Ind 

Cedar Park, Tex 

Gantt's Quarry, Ala 

Whitestone, Ga 

S wanton, Vt _ 

Amherst , Ohio 

Glenmont, Ohio 

McDermott, Ohio 


Percent 
0. 0032 
.0028 
.0015 
.0010 
.0025 
.0010 
.013 
.010 
.044 


Marble_ . 


Do 

Do 

Sandstone _ 


Do 


Do .. 





usually much lower than those required to produce 
rupture, frequent repetition and reversal of direc- 
tions may ultimately cause fractures. These 
stresses in a compact material like granite are 
probably greater than in more porous materials. 

Two cases can be cited in which rather large 
spalls occurred at corners of granite masonry 
where the superimposed loads were not sufficient 
to account for the fractures. It seems possible 
that a complication of stresses due to temper- 
ature effects might occur in such parts of struc- 
tures. 

One case of cracking has been examined where 
the facade of a building is made of a granite with 
unusually large quartz crystals. The polished 
columns show considerable cracking on the parts 
most exposed to the sun, while the shaded parts 
appear to be entirely sound. Several cubic inches 
of granite have crumbled away from the corner 
of a column base that' is freely exposed to the 
afternoon sun. This case provides evidence that 
unequal expansion of the minerals might be 
causing the deterioration. 

The moisture expansion values obtained in this 
study of granites are not large in comparison with 
values obtained on certain other types of building 
materials. In general the total expansion of 
granites due to moisture (using average values) is 
equivalent to the thermal expansion produced by a 
temperature change of about 6 deg C. It was not 
possible to determine by the methods used in this 
study if a wet specimen expands at the same rate, 
due to a thermal change, as a dry specimen. It 
can be assumed that the two types of expansion 
occur simultaneously, and the total expansion of a 
wet granite can be computed as the sum of the 
moisture and thermal changes. Using the aver- 
age values for the thermal and moisture expan- 
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sions, it is found that a 100-ft course of granite 
may expand 0.05 in. on becoming wet and 0.08 
in. due to a 10 deg C increase in temperature, 
giving a total of 0.13 in. If the course is con- 
strained, there will be an elastic deformation of 
0.13 in., and one may estimate the stress produced 
where the modulus of elasticity (E value) is 
known. Assuming an E value of 7,000,000 
lb/in. 2 , the resulting compressive stresses would 
be 760 lb/in. 2 , which is high in comparison with the 
superimposed weight stresses in most structures, 
but rather low in comparison with strength of 
granite. 

A more serious effect might result on coping 
courses where the masonry has more freedom of 
movement. The combined effect of thermal and 
moisture expansion may cause each block to move 
toward the ends of the structure; but when con- 
traction occurs, there is insufficient tensile strength 
in the mortar joints to pull the blocks back to their 
original position, hence cracks at the joints are 
produced. These cracks become partly filled with 
dirt and sand from the mortar and the next ex- 
pansion results in moving the blocks still further. 
Open joints allow water to enter, and freezing may 
cause rupture of the mortar in joints at lower 
levels. 

Schaffer [28] points out that a stress gradient is 
produced by moisture from rains because the stone 
is soaked to only a slight depth. He believes that 
frequent repetition of such stresses might produce 
injurious effects. Observation on granite build- 
ings shows that the surface of granite often scales 
off, but the scaling is usually confined to small 
areas of the lower courses. This can be explained 
by the assumption that salts are carried up into 
the granite by ground water, and crystals are 
formed in the pores. The expansive action of the 
salt crystals in forming causes tensile stresses 
perpendicular to the exposed face in sufficient 
amounts to cause the flaking. It seems likely 
that a compressive stress parallel to the face result- 
ing from a moisture gradient would aggravate the 
flaking action. 

Based on such studies as have been made on 
structures, it is the authors' belief that most 
granites are not affected as seriously by thermal 
and moisture expansion as by other physical and 
chemical agencies. Deterioration due to expan- 
sion probably docs not manifest itself appreciably 
during the normal life of a building, but it may 
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become apparent on certain monumental struc- 
tures after a long period of time. 

IX. Summary 

1. Thermal and moisture expansion determina- 
tions were made on 48 samples of domestic granites 
representative of those used in important struc- 
tures. Complete descriptions are given of the 
apparatus and test procedures used in making the 
measurements. The major mineral constituents of 
the samples were determined by petrographic 
methods. 

2. The linear thermal expansion coefficients for 
all samples ranged from 4.8 to 8,3 X10" 6 and aver- 
aged 6.2X10~ 6 per deg C for the range —20° to 
+ 60° C (-4° to 140° F). This average value is 
smaller than the average (7.7 X10" 6 ) obtained by 
previous investigators, which may be accounted 
for in part by the lower temperature range explored 
in the present study. The coefficients of 84 per- 
cent of the samples were between 5 and 7X10 -6 
per deg C. 

3. Some irregularities in the heating curves were 
evident in about 65 percent of the samples tested. 
These irregularities, which occurred somewhere 
between 0° and +20° C, were probably due to 
moisture changes in the sample during the test. 

4. Although a definite correlation between 
thermal expansion and mineral composition could 
not be established from the values obtained be- 
cause of the heterogeneous composition of granite, 
the results indicated that granites with excep- 
tionally high percentages of quartz had higher 
than average coefficients. 

5. The moisture expansion values for a 24-hr 
soaking period at constant temperature, ranged 
from 0.0004 to 0.009 percent with an average of 
0.0039 percent for all samples. The expansion 
increased rapidly during the first few hours only; 
thereafter it increased very slowly or remained 
constant. Little correlation was found between 
moisture expansion and mineral composition, 
absorption, specific gravity, or porosity. 

6. It is probable that the repeated thermal ex- 
pansion and contraction of granite resulting from 
natural weather conditions, is one of the many 
factors contributing to the eventual disintegra- 
tion of the stone. These adverse effects of tem- 
perature are due mainly to stresses produced by 
the unequal expansion of layers at different depths 
and by the unequal expansion of the mineral con- 
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stituents. The deterioration resulting from ther- 
mal expansion progresses very slowly and probably 
does not manifest itself appreciably during the 
normal life of a building, but it may become ap- 
parent on certain monumental structures after a 
long period of time. 

There is some evidence that moisture expansion 
may contribute to the weathering of granite but 
to a lesser degree than thermal expansion. How- 
ever, when moisture and thermal expansions occur 
simultaneously they may cause masonry units to 
be moved slightly out of position and injure the 
mortar joints. 



The authors thank Peter Hidnert and James B. 
Saunders of this Bureau for their very helpful 
suggestions regarding the thermal expansion 
method used in this investigation. 
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